Context: Given the dramatic rise in the incidence of type 2 diabetes mellitus (T2DM) in recent decades, identifying individuals at increased risk of T2DM and validating methods to reduce their risk of disease progression is important. With more than one-third of US adults having prediabetes, a more precise stratification of absolute risk of T2DM incidence would help in prioritizing prevention efforts.
INTRODUCTION
In recent decades we have seen a dramatic increase in worldwide incidence and prevalence of type 2 diabetes mellitus (T2DM), particularly in low-and middle-income countries. 1 Diabetes currently affects 29 million people in the US-about 9% of the population-with a predicted increase to 30% by 2050, 2 although more recent data suggest that the growth in incidence has been slowing since 2009. 3 In 2010, diabetes was the seventh leading cause of death in the US, and in 2012 estimated diabetes costs in the US were $245 billion: $176 billion for direct medical costs and another $69 billion for indirect costs related to disability, work loss, and premature death. 4 In response to these trends, much work has been conducted to identify individuals at increased risk of development of T2DM, and to intervene to prevent or delay this progression. This has led to the recognition of a dysglycemic state ("prediabetes") between normal glucose tolerance and T2DM. The Centers for Disease Control and Prevention 4 estimates that 37% of US adults aged 20 years and older with prediabetes are at increased risk of diabetes development. Prediabetes may be identified as a hemoglobin A 1C (HbA 1C ) of 5.7% to 6.4%, a fasting plasma glucose level of 100 mg/dL to 125 mg/dL (impaired fasting glucose), or a plasma glucose level of 140 mg/dL to 199 mg/dL 2 hours after an oral glucose challenge (impaired glucose tolerance). 5 The HbA 1C test is increasingly being used to screen for the presence of T2DM or increased risk of T2DM because of improved standardization of the HbA 1C test, the increasing availability of rapid pointof-care testing, and the convenience of a nonfasting blood test. 6 Fortunately, studies have shown that for many individuals with prediabetes, progression to T2DM may be prevented or delayed through improved diet, increased physical activity, and modest weight loss. [7] [8] [9] The lifestyle program tested in the Diabetes Prevention Program (DPP) study prevented or delayed almost 60% of new cases of T2DM in adults with prediabetes. 9 Recently published long-term outcomes of the DPP confirm a sustained effect of improved diet and physical activity to reduce progression to T2DM over 15 years. 10 Medication (metformin) can also reduce the incidence of T2DM (by 31% in the DPP study) and may be an attractive option for some patients. 11 The sheer size of the at-risk population, however, is daunting-as many as 86 million people in the US have prediabetes. 12 Although several studies have indicated that diabetes prevention efforts such as those tested in the DPP are costeffective, 13 the benefits of interventions are maximized when those efforts are targeted at the highest risk subset of the total prediabetes population. [14] [15] [16] [17] In the prediabetic group, there is likely to be a spectrum of risk. Indeed, a recent article in the British Medical Journal 18 raised concerns about diagnosis creep, suggesting that we may be overdiagnosing prediabetes, and supporting differential
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We also know that not all people identified with prediabetes progress to T2DM. The long-term DPP outcomes data show that approximately 50% of subjects in the control group remained free of diabetes after 15 years. This is likely to be more common for those currently identified with prediabetes using the expanded range of HbA 1C of 5.7% to 6.4% vs 6.0% to 6.4%, because the DPP used a more stringent criterion to identify diabetes risk.
Nevertheless, substantial anxiety and increased utilization of medical resources may follow the identification of prediabetes. Although increased relative risk of diabetes incidence is typically reported, absolute risk of diabetes development may be more useful and actionable information for patients as well as for medical professionals.
We describe the development and validation of a simple algorithm for classification of absolute risk of progression to T2DM among individuals with prediabetes who were members of a large managed care organization in three different geographic regions of the US.
METHODS
This work was initially carried out as part of ongoing quality improvement efforts and was subsequently expanded under the Health Insurance Portability and Accountability Act (HIPAA) preparatory to research work for a research grant application. We subsequently applied for and received approval from the Kaiser Permanente (KP) Northwest (KPNW ) institutional review board to publish these findings. Patient-level data were anonymized and deidentified before analysis.
Setting and Study Population
We carried out our study in 3 
Development of Risk Index
Our risk classification system was originally developed as part of ongoing disease management efforts in KPNW. We selected patients with any HbA 1C measurement in 2011 that fell between 5.7% and 6.4%, using the first such value if multiple values were available as the index date. To ensure these patients did not already have a diagnosis of diabetes, we required 1 year of pre-index date eligibility with no indication of diabetes (diagnosis in the electronic medical record [EMR], use of an antihyperglycemic drug, or a laboratory value above diagnostic thresholds). Body mass index (BMI) was calculated using the mean of all height and weight values recorded in 2011. We assessed risk of development of diabetes for 1 year after the index HbA 1C value.
Validation of Risk Index
The initial risk index was refined and validated as part of the development of a diabetes prevention research proposal involving KPHI and KPGA as well as KPNW. We assessed the initial risk classification described earlier using data from all three KP Regions to determine the consistency of the risk strata, and then used this expanded dataset to develop final classification rules and corresponding risk levels associated with them.
Unlike the initial development work, which focused on 1-year diabetes risk, we calculated 2-year diabetes incidence and used this to estimate the 2-year risk (probability) of diabetes developing. This was done to be consistent with the proposed outcome of a study assessing the impact of diabetes prevention interventions. We also took a more pragmatic approach to defining the base population that reflected the screening guidelines we proposed to use for that study. Specifically, we classified an individual's prediabetes status using his or her most recent HbA 1C measurement in the previous 3 years, and we relied solely on a diabetes diagnosis code in the EMR to rule out diabetes in defining the at-risk cohort and in determining subsequent incidence of new diabetes. A single diagnosis code for diabetes can yield a positive predictive value of 86% to 95%. 19, 20 Furthermore, we believe this is a realistic paradigm for how screening and risk classification might be done in the real world, and hence believe this gives added validity to our findings. Finally, whereas the initial development work looked at individuals aged 10 to 75 years, our validation work focused on adults, using a lower age limit of 18 years.
Statistical Methods
We calculated prospective risk from two perspectives, and for each perspective calculated two-year risk as defined here.
For what we term the cross-sectional perspective, we defined an at-risk population as of a given point in time and then followed individuals forward for 2 years to determine diabetes incidence. To evaluate 2-year incidence, we defined our starting population as KP members without diabetes as of January 1, 2012, and looked back 3 years from this date (2009) (2010) (2011) to find the most recent HbA 1C measurement and BMI for purposes of risk classification. We then followed each person forward in time from January 1, 2012, for up to 24 months. We defined length of follow-up as minimum of time to first diagnosis of diabetes or time to loss of Health Plan coverage, then computed the incidence rate as 100 × (total number of new cases of diabetes) ÷ (total person-years of follow-up). This is equivalent to the number of new cases per 100 person-years of follow-up. We then doubled the latter figure to estimate the number of new cases per 100 persons per 2 years of follow-up (ie, the cumulative 2-year incidence).
For what we term the longitudinal perspective, we defined our population not on the basis of a single fixed time point, but rather on the date of individuals' most recent HbA 1C measurement or BMI, and then followed individuals forward in time accordingly. That is, we still classified individuals on the basis of their most recent HbA 1C and BMI levels in the 3 years from 2009 to 2011, but we measured their 24-month follow-up from the date of the most recent HbA 1C level.
Finally, for each of these 2 approaches we estimated the absolute risk (ie, 2-year probability) of development of diabetes as 1 -e -H(2) , where H(2) is the cumulative 2-year incidence calculated as just described. Because not everyone had complete follow-up, the risks estimated in this manner tend to be somewhat larger than the observed proportions of individuals in whom diabetes actually developed over these same time frames. Table 1 shows the results of the initial development work for the risk index. A total of 45,620 individuals aged 10 to 75 years with HbA 1C between 5.7% and 6.4% were cross-classified by BMI, and 1-year T2DM incidence probabilities were calculated. On the basis of these data, 3 risk strata (low, moderate, and high) were proposed. The BMI could not be calculated for a small proportion of members, usually because of absence of a measured weight in the EMR. Table 2 shows the corresponding 2-year validation data for each of the 3 participating KP Regions separately and overall using the longitudinal perspective. The a Two-year probability was estimated as 1 -e -H(2) , where H(2) is the cumulative 2-year incidence. Data are based on percentage of members with prediabetes aged 18 to 75 years. For corresponding numbers of members, see Table 3 . No shading = low risk; gray shading = moderate risk; black shading = high risk. b Body mass index was rounded to the nearest whole number. HbA 1C = hemoglobin A 1C ; KP = Kaiser Permanente. 
RESULTS
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corresponding number of subjects in each cell is shown in Table 3 . The overall data are also shown in Figure 1 . Corresponding data based on the cross-sectional perspective are included in Table 4 . Collectively, Table 2 and Figure 1 Table 5 shows, using the risk strata defined for the pooled sample at the bottom of Table 2 , the proportion of individuals falling into each risk stratum and the associated 2-year risk of developing diabetes. Under this schema, 5.2% of the pooled sample is defined to be at high risk, with an estimated 2-year probability of diabetes development of 18.0%; 13.3% of the sample is defined to be at moderate risk, with a 2-year probability of development of diabetes of 8.2%; and 81.5% of the sample is defined to be at low risk, with a 2-year probability of diabetes development of just 1.6%.
DISCUSSION
The dramatic worldwide rise in incidence and prevalence of T2DM in recent decades has resulted in increased attention to prevention. Several studies have demonstrated the ability of lifestyle or medication interventions to prevent or delay the development of diabetes. Although cost-effective, such interventions are resource intensive and have limited effectiveness, which has led some to decry widespread population-level T2DM prevention efforts. 18 Diagnosing as many as one-third of the population as having prediabetes may not be useful if the resources to manage their diabetes risk are not available. Our results, summarized in Figure 1 and Table 5 , indicate that in the category of prediabetes, there is a wide range of short-term risk of progression to incident T2DM, highlighting the importance of being able to more precisely estimate absolute risk of diabetes onset, and allowing for simple identification of the subset of patients at the greatest risk of progression.
Risk of T2DM is related to numerous clinical, historical, biochemical, genomic, metabolomic, and lifestyle factors. 21 Several predictive models have been proposed, but, to our knowledge, none are currently used in clinical practice. This may be because model performance when applied to alternative populations is poor. 22 The Framingham Offspring Study developed a relatively simple clinical model using only age, sex, parental history of diabetes, BMI, and levels of high-density lipoprotein cholesterol, triglycerides, and fasting plasma glucose to produce an area under the receiver operating characteristic curve of 0.852, 23 a model that was subsequently validated in KPNW (area under the curve = 0.824). 24 However, that model predated the use of HbA 1C as a diagnostic test and hence requires for its use fasting laboratory values that may not be available at the point of care. This, in turn, limits the model's utility for day-to-day clinical use. Patients, physicians, health plans, and public health agencies seeking more readily available and simpler ways of placing individuals with prediabetes along the spectrum of risk of diabetes onset may find our results useful. Table 5 matches that  from Table 2 . No shading = low risk; gray shading = moderate risk; black shading = high risk.
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CONCLUSION
With the increasingly widespread use of the HbA 1C test in the US to screen for T2DM, 6 a growing number of people are being recognized as having prediabetes (HbA 1C level = 5.7%-6.4%). Obesity, as assessed by BMI, is an additional readily available and important predictor of risk of incident T2DM. Using observational data from 3 demographically different Regions of KP, we have combined HbA 1C and BMI into a simple risk model to more precisely classify 2-year absolute risk of progression to T2DM that ranges from less than 0.5% for those with an HbA 1C of 5.7% to 5.8% who are not obese, to more than 20% in those with an HbA 1C of 6.3% to 6.4% who are obese. On the basis of this categorization of patients representing all age, sex, and race/ethnicities, only about 5% of individuals with prediabetes are at greater than 10% risk of diabetes developing in the next 2 years, whereas more than 80% are at much lower risk of T2DM (< 2%).
With a lifetime risk of occurrence of 40% in the US, 25 diabetes mellitus is a major public health problem that directly or indirectly affects the lives of nearly all Americans, as well as increasing numbers of people in low-and middle-income countries. 1 Lifestyle interventions can successfully delay or prevent onset of T2DM, but the cost-effectiveness of such programs is likely to depend on risk stratification that directs limited resources to the patients at greatest immediate risk. 16 The case has been made for use of HbA 1C as a diagnostic tool and risk stratifier. 26, 27 Our additional use of BMI provides an enhanced estimator of short-term diabetes risk that is easy to implement and can intelligently inform targeted diabetes prevention efforts. Use of these prediction tables would be analogous to use of the FRAX (Fracture Risk Assessment Tool) model 28 to assess 10-year risk of osteoporotic fracture, or use of tools such as the Framingham Risk Score or the American Heart Association calculator to assess risk of cardiovascular events. 29 When a patient and his/her clinician have an idea of the absolute risk of the clinical event, in this case progressing from the prediabetic to the diabetic states, shared decision making regarding benefits, risks, cost, and indications for interventions is helped.
This simple approach of using readily available clinical (BMI) and laboratory (HbA 1C ) measures to stratify risk of progression from prediabetes to diabetes mellitus could reduce anxiety as well as the intensity of interventions and followup laboratory testing for most individuals with prediabetes (ie, those in our low-risk group). At the same time, this approach could allow increased intensity of lifestyle change interventions and medication use and frequency of HbA 1C monitoring for the much smaller number of individuals in the high-risk group. Given the wide variation in diabetes incident rates among age, sex, and race/ethnicity categories, 6 refinements of this approach by studying the impact of these characteristics would be valuable, as would be longer-term and confirmatory studies in a range of populations. 
